ABSTRACT: Lyophilization (freeze-drying) is one of the most suitable methods used for a long term peservation of pathogens. The aim of this paper was the application of lyophilization for storage of three significant plant pathogens: Fusarium graminearum, Helminthosporium gramineum, and Pseudomonas syringae pv. gylicinea, respectively. The plant material was collected continuously (during a four year period [2002][2003][2004][2005][2006], depending on a plant development stage, from different localities in Vojvodina. Pathogens were isolated from diseased parts with characteristic symptoms, and placed on nutritive media specific for a certain pathogen, using standard phytopathological methods. Lyophilization was carried out in marked and coded ampoules by freezing and drying of pathogen suspension and nutritive medium. Revitalization of lyophilized isolates was done after four days. High percentage of revitalization was characteristic for all studied isolates, and it ranged from 85-92%, confirming that lyophilized pathogens would be capable of keeping viability for a long time in the collection. Besides above mentioned pathogens, there were 200 isolates in the collection, originating mostly from field and vegetable crops. Each isolate that was put into the Collection, was followed by all the necessary data such as: name of the pathogen, number of isolates, locality, host plant, year of isolation, name of the researcher and other relevant data.
INTRODUCTION
The study of microorganisms often involves the use of living cultures. The cultures need to be kept for a long period, and included into the microbiological collection. Purpose of the Collection is to maintain the biological material in vital and stable state, with all its original traits preserved. Lyophilization (freeze-drying) is one of the most suitable techniques used for long-term pathogen preservation (The Preserevation and Maintenance of Living Fungi -S m i t h and O n i o n s, 1994).
MATERIAL AND METHODS
The plant material was collected continuously, from different localities in Vojvodina, depending on a plant development stage. Pathogens were isolated from diseased parts with characteristic symptoms, and placed on nutritive media, specific for certain pathogens, using standard phytopathological methods. These isolates originated from different localities in Vojvodina (Futog, Begeå, Baåka Palanka, Rimski Šanåevi, Åenej, Panåevo, Srbobran, Tovariševo, Njegoševo, Baåka Topola, Laãarak and Åalma, respectively) and were collected during the period [2002] [2003] [2004] [2005] [2006] .
Fusarium graminearum was isolated from diseased maize and soybean seed, and from diseased leaves and ear of barley. Standard PDA medium was used. The obtained fungi colonies, belonging to Fusarium genus, were subcultured on CLA medium for better sporulation (F i s h e r et al. 1982). Isolates were incubated at 25°C under artificial ultraviolet light ("black light") with a 12hr photoperiod.
Helminthosporium gramineum was isolated from diseased seed and leaf of barley and placed on standard PDA medium. Incubation was done at 25°C, with 12 hour light/dark cycle during seven days. The obtained isolates were transferred to PDA and WA media in order to obtain pure cultures.
On basis of fungus morphological characteristics of colonies and reproductive organs (conidia, conidiophores, and chlamidiospores), determination of species was done (N e l s o n et al., 1983; B u r g e s s et al., 1994; M a t h u r and K o n g s d a l, 2003).
Pseudomonas syringae pv. glycinea was isolated from diseased soybean leaves with characteristic symptoms of bacterial spot, placed on meat extract (MPA) and nutritive agar medium, enriched with sucrose (NSA), using standard surface smearing method (A r s e n i j e v i ã, 1997; S c h a a d, 1980). Two days after development in thermostat at 26°C, individual colonies were transferred to slope medium with glycerol (K l e m e n t et al., 1990). Biochemical-physiological characteristics and pathogenic traits of the obtained isolates were determined by using tests and usual procedures for this kind of testing (F a h y and P e r s l e y, 1983; A r s e n i j e v i ã, 1988; K l e m e n t et al. 1990 ; S c h a a d, 2001).
Preparation of the isolates for lyophilization
F. graminearum and H. gramineum were lyophilized using colonies 7-10 days old, while bacterial colonies were 24-48 hours old.
Lyophilization was done according to S m i t h and O n i o n s (1994). Prepared material was lyophilized in Modulyo 4K freeze dryer (Edwards, UK) under vacuum (Fig. 1) . Lyophilization processed ampoules were constricted using flame, in order to prevent the contact of lyophilized material with air, which could cause damage (R e y, 1977) (Fig. 2) .
Sealed ampoules were kept in a special compartment of lyophilization chamber. Viability of lyophilized isolates was checked four days after the lyophilization. Growing and morphological characteristics (shape, colour, and size) of fungal and bacterial colonies were observed on nutritive media during the revitalization process.
RESULTS
Ten isolates of F. graminearum fungus were obtained by isolation. Five isolates originated from soybean seed (FG-5, FG-8, 56/13, 4/21, 5/18), three from maize seed (FG-1, FG-2, FG-3), one from barley leaf (FG-6) and one from barley ear (FG-7).
Four isolates of H. gramineum originating from barley seed, were obtained (H-1, H-1 (F), HG-1 and HG-2), and one originating from barley leaf (HG-3).
Three to four days after the completion of lyophilization, 22 isolates of P. syringae pv. glycinea (B2/4, B2/5, B2/6, B2/7, B2/8, B11/1, B13/1, B13/2, B13/4, S5/1, S5/2, S5/3, R9/1, R9/3, R10/1, R10/4, R10/5, R10/6, R12/2, P15/1, P15/2 i P15/3) were obtained.
Besides the above mentioned pathogens, the Collection contains 200 isolates originating mainly from field and vegetable crops. Each isolate contained in the Collection was put into the data base with all the relevant data, such as name of the pathogen, number of isolates, locality, host plant, year of isolation, name of the researcher and other relevant data (Tab. 1). Percentage of revitalized isolates four days after lyophilization was 85% for F. graminearum and H. gramineum fungi, and 92% for P. syringae pv. glycinea bacterium. These results point out to a high degree of isolate viability after lyophilization, confirming that the studied pathogens are capable of long term preservation by application of this method.
Morphological and growing characteristics of the colonies of revitalized fungal and bacterial isolates, observed on nutritive media, were identical with the original. On PDA, medium isolates of F. graminearum formed abundant, thick, and pinkish white mycelia, with grayish margines. The isolates formed burgundy pigment in the agar. On CLA medium, the isolates formed pink aerial mycelium, and dark red pigment in the agar. Macroconidia were formed on branched monophialides with 3-5, rarely 6 clearly visible septa. Apical macroconidial cell was tapered, while basal cell was foot-shaped. The isolates formed neither microconidia nor chlamidospores. (Fig. 3) .
H. gramineum formed grayish to olivegreen black colonies with characteristic lobed margins, after revitalization on PDA medium. Conidiophores were branched and septate, formed individually or in groups. Cylindrical dark yellow conidia with 1-7 septa were formed laterally or terminally on conidiophores (Fig. 3) .
Bacteria were revitalized on nutritive medium enriched with sucrose (NSA). Characteristic slimy, large, shiny, white and distinctively convex bacterial co- lonies of P. s. pv. glycinea were formed three to four days after revitalization (Fig. 4) .
DISCUSSION
Plant pathogens including F. graminearum, H. gramineum and P. s. pv. glycinea can cause significant damage to the plant production, and for that reason they should be precisely determined and preserved. Plant pathogens, which are the part of agro-ecosystem, are influenced by great number of factors, causing the change of their characteristics among which pathogenicity and virulence are the most significant ones. This fact revealed the need for a systematic collection and a long-term preservation of pathogens. Due to the changes caused by different conditions of environment, it is very important, especially from the aspect of breeding for resistance, to have a great number of isolates of a certain pathogen originating from different localities and different years. Lyophilization method enabled the biological material to preserve its original traits for long periods of time (K l e m e n t, 1990; A g r i o s, 1997).
Results obtained in our studies confirmed that the method of lyophilization is a very suitable way for plant pathogen preservation.
Microorganisms can survive conditions of lyophilization process, and preserve viability and original traits. Success of lyophilization and vitality of lyophilized isolates can vary between the isolates of the same species (S m i t h and O n i o n, 1994). T a n et al. (1991) mentioned that the optimal results can be obtained in case of lyophilization of young colonies, and that this method is proposed for preservation of fungi belonging to Ascomycetes class, to which H. gramineum and F. graminearum also belong.
The length of time allowed for rehidratation is one of the major factors in the process of revitalization, and can be very different for individual isolates ( H a s k i n s, 1957, B u t t e r f i e l d et al. 1974). All studied isolates showed high percentage of revitalization and survival. Morphological and growing characteristics of lyophilized F. graminearum and H. gramineum fungi, and P. s. pv. glycinea bacterium, were identical to the original isolates after revitalisation.
The need for constant observation, study and preservation of plant pathogens, with the aim of improvement of cultivated plant production, first of all by developing less sensitive i.e. resistant varieties, genotypes, and hybrids comes from all the above mentioned. Fungi, Second Edition, CAB International, UK. T a n, C. S., I n g e n, C. W. v a n S t a l p e r s, J. A. (1991) 
